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As is known, Little-Parks effect concerned with oscillations of the critical temperature of a super-
conducting transition was one of the first effects which suggested the existence of Cooper pairing
in conventional superconductors. It is shown that in high-temperature superconductors (HTSC)
the Little-Parks effect based on bipolaron mechanism which in HTSC is the equivalent of Cooper
pairing can be anomalously high. The results obtained can be used as a new method for detecting
soft phonon modes in nanostructures on the basis of HTSC. The results can be also used to enhance
the critical temperature of a superconducting transition.
PACS numbers: 74.25.Gz, 74.25.Kc
Little-Parks effect [1] is related to the obvious fact that
quantization of a magnetic flux in a multiply connected
superconductor (SC) is caused by relevant quantization
of the current around each cavity in SC. Quantization
of the current leads to oscillations of the velocity of su-
perconducting current carriers. Since the temperature of
SC transition depends on the velocity of Bose condensate,
oscillations of its velocity lead to relevant oscillations of
the temperature of SC transition. Investigation of this
phenomenon has become the focus of attention in recent
years with the prospect to use it for enhancing the critical
temperature of SC [2–5].
Since at present a generally accepted theory of high-
temperature superconductivity (HTSC) is lacking, a gen-
erally accepted treatment of the Little-Parks effect in
these materials is lacking either. The aim of this work
is to develop a theory of Little-Parks effect on the basis
of translation invariant (TI) bipolaron theory of HTSC
[6, 7].
In TI-bipolaron theory of HTSC bipolarons are re-
garded as charged bosons placed in electron Fermi liq-
uid which screens an interaction between the bipolarons
and the problem is reduced to that of an ideal Bose-gas.
Following [6, 7] let us consider an ideal Bose gas of TI
bipolarons which is a system of N particles occuring in
volume V . Let us write N0 for the number of particles
in the lowest one-particle state and N ′ for the number of
particles in higher states.
Let us proceed from the spectrum of excited states
of a TI bipolaron which coincides with Landau’s roton
spectrum [8]:
ǫ(k) = ω + k2/2M (1)
where k is the bipolaron wave vector, ω is the frequency
of an optical phonon, M = 2m, m is the effective mass of
a band electron, ǫ(0) = 0 corresponds to the ground state
of a TI bipolaron. According to [9], the excitation spec-
trum of Bose condensate of TI bipolarons which moves
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in a magnetic field of intensity B at the velocity of u will
have the form:
ǫ(k) = ω +
k2
2M
+
η
M
Bk− ku, (2)
where η is a certain constant. With the use of (2) we can
write down an expression for the number of bipolaron
states N . On condition that T < Tc: N =
∑
km(ǫk),
where m(ǫk) is a boson distribution function: m(ǫk) =
N0∆(k) + [exp(ǫk/T )− 1]−1 (1−∆(k)), ∆(k) = 1 for
k = 0 and ∆(k) = 0 for k 6= 0 we get N = N0 +N ′:
N ′/V = (MT/2π~2)3/2F3/2(ω˜/T ), (3)
F3/2(α) =
2√
π
∫
∞
0
x1/2
ex+α − 1dx, (4)
ω˜ = ω
(
1− u
2
u2c
− B
2
B2c
)
, (5)
uc =
√
2ω/M, Bc =
√
2Mω/η. (6)
where ~ is Plank constant. For N ′ = N , where N is the
total number of bipolarons, equation (3) determines the
temperature of SC transition Tc. From general relations
for quantization of fluxoid Φ′: Φ′ = nΦ0, Φ0 = π~c/e,
which in the case of bipolaron Bose condensate have the
form:
Φ′ − Φ = c
2e
∮
MbpudR, Φ =
∮
AdR, (7)
whereMbp is the bipolaron mass, e is the electron charge,
c is the lightspeed, Φ is the magnetic flux through the
contour of integration R: Φ =
∫
BdS. In the case of
a thin-walled cylinder corresponding to the Little-Parks
experiment we express the velocity of Bose condensate of
TI bipolarons as:
2u =
~
MbpR
(
n− Φ
Φ0
)
, (8)
where R is the cylinder radius. Equation (8) describes
oscillations of the velocity of Bose-condensate of TI bipo-
larons and leads to oscillations of the superconducting
transition temperature [10]. Substituting (5), (8) into
the equation for the SC transition temperature (3) and
assuming ω˜ = ω˜0 + ∆ω˜, where ω˜0 = ω(1 − Φ2/Φ2c),
∆ω˜ = −ωu2/u2c, and Φc is the critical magnetic flux cor-
responding to the critical field Bc, for small deviation of
∆ω˜ we express the critical temperature deviation from
(3) as:
∆Tc
Tc
=
ξ2
R2
(
n− Φ
Φ0
)2
, (9)
ξ = − 1
3(2π)3/2
M2
M2bp
1
n
2/3
bp
(
MTc
n
2/3
bp ~
2
)1/2
Li1/2(e
−α),(10)
Li1/2(e
−α) =
1√
π
∫
∞
0
1√
t
dt
et+α − 1 , (11)
α =
ω
Tc
(
1− Φ
2
Φ2c
)
, (12)
where nbp is the concentration of TI bipolarons. Formula
(9) determines the amplitude of oscillations Tc which take
place as the magnetic flux Φ changes. Notwithstanding
the oscillating behavior of ∆Tc on magnetic flux, expres-
sion (5) suggests that there exists a maximum possible
value of the magnetic flux Φmax = Φc = πR
2Bc cor-
responding to the maximum possible magnetic field for
which a superconductivity of a Bose condensate is possi-
ble with Tc(Φ = Φc, u = 0) = 3, 31~
2n
2/3
bp /M .
At ”low” critical temperatures: α >> 1, Li1/2(e
−α) ∼=
(e−α), while at high ones α << 1, Li1/2(e
−α) ≈
√
π/α.
With the use of expressions (9), (10) for α ∼= 1, nbp =
1019cm−3 [6], m = m0, M ≈ Mbp, R = 100nm, we will
estimate ∆Tc/Tc as: ∆Tc/Tc ≈ 10−4, which is close to
the estimate resulting from the BCS theory [10]. It also
follows from expressions (9), (10) that for ω/Tc << 1
(accordingly α << 1) the ratio ∆Tc/Tc ≈ 10−4(Tc/ω)1/2
can be much greater than that obtained on the basis of
the BCS theory.
The Little-Parks effect is usually applied to verify the
fundamentals of the superconductivity theory, in partic-
ular, to prove the phenomenon of pairing of current car-
riers in superconductors. The results obtained suggest
that the Little-Parks effect can be also used to deter-
mine the presence of soft phonon modes for which ω → 0
[11] which are associated with structural instability and
structural phase transitions in HTSC. In this case the
oscillations of ∆Tc/Tc can be abnormally high.
Presently, the main methods for investigation of
phonon spectra are inelastic x-ray scattering and inelastic
neutron scattering [12, 13]. The accuracy of these meth-
ods is limited to several meV. As a result, the estimated
value of (Tc/ω)
1/2 will yield a small coefficient: < 10 -
for real values of Tc equal to several dozens of degrees
and may be in contradiction with the data on ∆Tc/Tc,
obtained on the basis of the Little-Parks approach.
This conclusion is supported by abnormal softening
of phonon modes in the family of La2−xSrxCuO4 com-
pounds [11] with values of x close to those for which the
ratio ∆Tc/Tc was abnormally high [2] which were associ-
ated in [2] with the possibility of the formation of vortices
and their interaction with the oscillation current.
The results obtained are based on the idea of Bose
condensation of TI bipolarons possessing a small corre-
lation length (≈ 1nm). This is valid only for the case of
strong electron-phonon interaction (EPI) when the EPI
constant αph is large. The condition αph ≈ ∞ is fulfilled
only for ω → 0, since αph ≈ ω−1/2. Hence, the bipolarons
formed by such modes will have the lowest energy as com-
pared to other phonon branches and, therefore, just such
phonons will form the Bose condensate considered which
leads to anomalies in the Little-Parks effect.
Expressions (9)–(12) also suggest that generally when
the phonon mode softening is not large, in an effort
to achieve the maximum amplitude of Tc oscillations in
HTSC materials one should use the maximum value of
the magnetic flux Φ → Φc. In this case an arbitrarily
small deviation of the Bose condensate velocity from its
equilibrium value u = 0 leads to a finite change in Tc.
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